Chemical Analysis and Testing Task

L aboratory Analytical L AP-003
Procedure
Pr Ocedur e Tltl e Determination of Acid-Insoluble Lignin in Biomass
Author : David Templeton and Tina Ehrman Date: 1-19-95

| SSUE DATE:1-30-95 SUPERSEDES: s/19/92




DISCLAIMER

These Standard Biomass Analytical Methods (“Methods”) are provided by the National
Renewable Energy Laboratory (“NREL”"), which is operated by the Midwest Research Institute
(“MRI") for the Department Of Energy.

Access to and use of these Methods shall impose the following obligations on the user. The
user is granted the right, without any fee or cost, to use, copy, modify, alter, enhance and
distribute these Methods for any purpose whatsoever, except commercial sales, provided that
this entire notice appears in all copies of the Methods. Further, the user agrees to credit
NREL/MRI in any publications that result from the use of these Methods. The names
NREL/MRI, however, may not be used in any advertising or publicity to endorse or promote any
products or commercial entity unless specific written permission is obtained from NREL/MRI.
The user also understands that NREL/MRI is not obligated to provide the user with any support,
consulting, training or assistance of any kind with regard to the use of these Methods or to
provide the user with any updates, revisions or new versions.

THESE METHODS ARE PROVIDED BY NREL/MRI "AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN
NO EVENT SHALL NREL/MRI BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER, INCLUDING BUT NOT
LIMITED TO CLAIMS ASSOCIATED WITH THE LOSS OF DATA OR PROFITS, WHICH MAY
RESULT FROM AN ACTION IN CONTRACT, NEGLIGENCE OR OTHER TORTIOUS CLAIM
THAT ARISES OUT OF OR IN CONNECTION WITH THE ACCESS, USE OR PERFORMANCE
OF THESE METHODS.



Deter mination of Acid-Insoluble Lignin in Biomass

Laboratory Analytical Procedure #003

1. Introduction

1.1 Biomass is composed largely of cellulose, a polymer of glucose; hemicellulose, a
complex polymer of which the main chain consists primarily of xylans or
glucomannans; and lignin, a complex phenolic polymer. Unlike the other cell wall
components of biomass, the lignin is mostly insoluble in mineral acids. For this
reason, lignin can be analyzed gravimetrically after hydrolyzing the cellulose and
hemicellulose fractions with sulfuric acid.

1.2 This method contains two different procedures for determining acid-insoluble lignin.

Both approaches have been shown to give equivalent results. Procedure A presents

an approach where the acid-insoluble lignin procedure also generates the solutions

required for total carbohydrate and acid-soluble lignin determinations, thereby making

possible the "summative" analysis of the same sample. Procedure B is amodification

of the classic "Klason lignin" determination. Although the filtrate generated from this

procedure can be used to determine acid-soluble lignin, total carbohydrates should be
determined on a completely separate sample.

1.3 This procedure has been adopted by ASTM asan ASTM Standard Test Method.
2. Scope

21 This test method covers the determination of acid-insoluble lignin of hard and soft
woods, herbaceous materials (such as switchgrass and sericeq), agricultural residues
(such as corn stover, wheat straw, and bagasse), wastepaper (such as office waste,
boxboard, and newsprint), acid and alkaline pretreated biomass, and the solid fraction
of fermentation residues. All results are reported relative to the 105°C oven-dried
weight of the sample. In the case of extracted materials, the results may also be
reported on an extractives-free basis.

2.2 The residue collected contains the acid-insoluble lignin and any condensed proteins
from the original sample. An independent nitrogen analysis would be required to
determine the acid-insoluble lignin content

separate from the condensed protein fraction and is outside the scope of this procedure.

2.3 All analyses shall be performed according to the guidelines established in the Ethanol
Project Quality Assurance Plan (QAP).
3. References
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4. Terminology

3.10

Acid-insoluble lignin is defined to be the residue, corrected for acid-insoluble ash,
retained on a medium porosity filter crucible after the primary 72% and secondary 4%
H.SO, hydrolysis steps described in this procedure.

5. Significanceand Use

311
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The acid-insoluble lignin content is used in conjunction with other assaysto determine
the total composition of biomass samples.
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6. Interfer

ences

3.12 Theresults of acid-insoluble lignin analysis are affected by incomplete hydrolysis of
biomass. Unlessthe sampleis hydrolyzed completely, the results will be biased high.
Take care to mix the acid/biomass durry thoroughly at the beginning and periodically
throughout the concentrated acid hydrolysis.

3.13  The results of acid-insoluble lignin analysis are affected by the timing of the acid
digestion steps. The insoluble lignin will slowly dissolve into solution in an
irreproducible fashion. The timing within this procedure must be followed closely.

3.14  Some proteinaceous materials can aso form acid-insoluble substances that are collected
with acid-insoluble lignin.

7. Apparatus

3.15 Analytical balance readable to 0.1 mg.

3.16  Convection oven with temperature control of 105 + 3°C.

3.17  Muffle furnace: an electric furnace is recommended for igniting the sample. The
furnace should be fitted with an indicating pyrometer or thermocouple, so that the
required temperature of 575 + 25°C can be maintained.

3.18 Autoclave capable of maintaining 121 + 3°C (Procedure A) or heating manifold
equipped with reflux condensers with 24/40 ground glass joints (Procedure B).

3.19  Water bath set at 30 + 1°C (Procedure A).

3.20  Filtration set-up including vacuum source and vacuum adapters for crucibles.

3.21 Desiccator containing anhydrous calcium sulfate.

8. Reagentsand Materials

3.22
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Reagents

3221 72% w/w H,SO, (1200 £ 0.02 M or specific gravity 1.6389 at
15.6°C/15.6°C).

3.22.2 Water, 18 megohm deionized.
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3.23 Materids
3.23.1 Glasstest tubes, 16x100 mm (Procedure A) or 20x150 mm (ProcedureB).

3.23.2 125 mL glass serum bottles, crimp top style, with rubber stoppers and
aluminum sealsto fit (Procedure A).

3.23.3 Erlenmeyer flask, 1000 mL, with 24/40 ground glass joint (Procedure B).
3.23.4 Filtration flask, 250 mL (Procedure A) or 1000 mL (Procedure B).

3.23.5 30mL (Procedure A) or 50 mL (Procedure B) glassfiltering crucible, medium
porosity, nominal maximum pore size of 10 mm.

9. ES&H Considerations and Hazards
3.24  Follow all applicable NREL Laboratory Specific Hygiene Plan guidelines.
325 72% H,SO,isvery corrosive and must be handled carefully.

3.26  Use caution when handling glass bottles after the autoclave step in Procedure A, asthey
may have become pressurized.

10. Sampling, Test Specimens, and Test Units
3.27  Test specimens suitable for analysis by this procedure are as follows:

- biomass feedstocks, dried and reduced in particle size if necessary,
- pretreated biomass, washed free of any residual acid or alkali,
- the solids fraction of fermentation residues.

3.28  The sample must not contain particles larger than 1 mm in diameter. If milling is
required to reduce the particle size of the test specimen, alaboratory mill equipped with
a40 mesh (or smaller) screen should be used.

3.29 The tota solids content of the "as received" test specimen (prior to any drying or
extraction steps) must be determined by Laboratory Analytical Procedure #001,
"Determination of Total Solids in Biomass', in paralel with the lignin analysis.
Record thisvalue as T s received-
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3.30

331

3.32

Material with atotal solids content less than 85%, on a 105°C dry weight basis, will
require drying by lyophilization, oven drying, or air drying prior to milling or anaysis.
The amount of moisture lost as a result of the preparation procedure must be
determined. This moisture content is used to calculate the total solids content of the
sample based on its preparation and is recorded as Tpep. This valueis used to correct
the weight of the prepped material used in the lignin analysis, as described in the
calculations section. The prepared sample should be stored in a manner to ensure its
moisture content does not change prior to analysis.

Note: Preparing samples for analysis by oven drying can produce hard
chunks of material. This material must then be milled to reduce the size of
the large piecesto less then 1 mm in diameter. The sample is then redried
prior to testing.

Some samples may require extraction prior to anaysis, to remove components that may
interfere with the analysis. Laboratory Anaytical Procedure #010, " Standard Method
for the Determination of Extractives in Biomass', is used to prepare extractives-free
sample with a moisture content suitable for lignin analysis. As part of this procedure,
the percent extractives in the prepared sample, on a 105°C dry weight basis, is
determined. This value, recorded as % extractives, is used to convert the % lignin
reported on a extractives-free basis to an as received (whole sample) basis.

The test specimen shall consist of approximately 0.3 g of sample for Procedure A or
approximately 1.0 g of sample for Procedure B. The test specimen shall be obtained
in such a manner to ensure that it is representative of the entire lot of material being
tested.

11. ProcedureA - Summative Analysis

3.33

3.34
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This procedure is suitable for air-dried, lyophilized, and extracted biomass samples, as
well asfor samplesthat have been oven dried at atemperature of 45°C or less. It isnot
suitable for samples that have been dried at a temperature exceeding 45°C.

Note: Thetotal solids content of the original sample, T asreceived, 8 Well asthe
total solids content determined as the sample is prepared, Ty, Must be
known.

Individually label the crucibles needed for analysis, and ignite them at 575" 25°C to

achieve a constant weight of " 0.3 mg. Store the ignited crucibles in adesiccator until
needed.
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3.35

3.36

3.37

3.38

3.39

3.40
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3.42

3.43

3.44

3.45
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Note: In order to determine the absolute amounts of acid-insoluble residue
and acid-insoluble ash, for quality control purposes, it is useful to
weigh and record the ignited crucible to the nearest 0.1 mg.

Weigh 0.3 £ 0.01 g prepared sample to the nearest 0.1 mg and place in a 16x100 mm
test tube. Record as W, the initial sample weight. Each sample must be run in
duplicate, at minimum.

Samplesfor total solids determination (LAP-001) must be weighed out at the same time
as the samples for the acid-insoluble lignin determination. If thisis done later, it can
introduce an error in the cal culation because ground biomass can rapidly gain or lose
moisture when exposed to the atmosphere. Record the average total solids value as
Tinal-

Add 3.00 £ 0.01 mL (4.92 £ 0.01 g) of 72% H,SO, and use a glass stirring rod to mix
for 1 minute, or until the sample is thoroughly wetted.

Place the test tube in the water bath controlled to 30 + 1°C and hydrolyze for 2 hours.
Stir the sample every 15 minutes to assure complete mixing and wetting.

Transfer the hydrolyzate to a glass bottle and dilute to a 4% acid concentration by
adding 84.00 £ 0.04 mL water, or by bringing the combined weight of sample, acid,
and water up t0 89.22 + 0.04 g. Be careful to transfer all the residua solids along with
the hydrolysis liquor.

Stopper each of the bottles and crimp aluminum seals into place.
Set the autoclave to aliquid vent cycle to prevent loss of sample from the bottle in the
event of aloose crimp seal. Autoclave the samplesin their sealed bottlesfor 1 hour at

121 + 3°C.

After completion of the autoclave cycle, allow the samples to cool for about 20 minutes
at room temperature before removing the seals and stoppers.

Vacuum filter the hydrolysis solution through one of the previously ignited filtering
crucibles.

If acarbohydrate analysis (LAP-002) and/or an acid-soluble lignin analysis (LAP-004)

Is desired, decant 15-25 mL of filtrate into aresealable container. If thisaliquot is not
used immediately for further analysis, store in refrigerator at 4°C.
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3.46

3.47

3.48

3.49

3.50

Note: Acid-soluble lignin should be analyzed within 24 hours, preferably
within 6 hours of hydrolysis.

Use hot deionized water to wash any particles clinging to the glass bottle into the
crucible and to wash the filtered residue free of acid using vacuum filtration.

Dry the crucible and contents at 105 + 3°C for 2 hours or until constant weight is
achieved ("0.3 mg upon reheating).

Cool in desiccator and record the weight, W, the weight of the crucible, acid-insoluble
lignin, and acid-insoluble ash to the nearest 0.1 mg.

Place the crucible and contents in the muffle furnace and ignite at 575 + 25°C for a
minimum of 3 hours, or until all the carbon is eliminated. Heat at arate of 10°C/min
to avoid flaming. If the sample tends to flare up, the container should be partially
covered during this step. Avoid heating above the maximum stated temperature.
Protect the test container from strong drafts at al timesto avoid mechanical loss of the
test specimen.

Cool in desiccator and record the weight, W5, the weight of the crucible and acid-
insoluble ash, to the nearest 0.1 mg.

Note: The amount of acid-insoluble ash remaining in the crucible is not
equal to the total ash content of the sample. Refer to Laboratory Analytical
Procedure #005 if total ash isto be determined.

12. ProcedureB - Klason Lignin Deter mination

3.51

3.52
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This procedure is suitable for oven-dried samples (including those dried at temperatures
between 45°C and 105°C) as well as air-dried, lyophilized, and extracted biomass
samples.

Note: Thetotal solids content of the original sample, T asreceived, 8 Well asthe
total solids content determined as the sample is prepared, Ty, Must be
known.

Individually label the crucibles needed for analysis, and ignite them at 575 + 25°C to
achieve a constant weight of = 0.3 mg. Store the ignited cruciblesin a desiccator until
needed.

Note: In order to determine the absolute amounts of acid-insoluble residue

and acid-insoluble ash, for quality control purposes, it is useful to weigh and
record the ignited crucible to the nearest 0.1 mg.
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3.56

3.57

3.58

3.59

3.60

3.61

3.62

3.63
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Weigh 1.0 £ 0.05 g prepared sample to the nearest 0.1 mg and place in a 20x150 mm
test tube. Record as W, the initial sample weight. Each sample must be run in
duplicate, at minimum.

Samples for total solids determination must be weighed out at the same time as the
samples for the acid-insoluble lignin determination. If this is done later, it can
introduce an error in the cal culation because ground biomass can rapidly gain or lose
moisture when exposed to the atmosphere. Record the average total solids value as
Tinal-

Add 15.00 + 0.02 mL of 72% H,SO;, chilled to 4°C in the refrigerator. Use a glass
stirring rod to mix for 1 minute, or until the sample is thoroughly wetted.

Hydrolyze the sample for 2 hours at room temperature (approximately 20°C), stirring
every 15 minutes to assure complete mixing and wetting.

Transfer the hydrolyzate to a 1000 mL Erlenmeyer flask and dilute to a 3% acid
concentration with 560 mL of deionized water. Be careful to transfer all the residual
solids along with the hydrolysis liquid.

Place the flask on the heating manifold and attach to the reflux condenser. Heat the
liquid to agentle boil. Start timing at the onset of boiling, and reflux for 4 hours+ 5
minutes.

At the end of 4 hours, rinse the condenser with a small amount of deionized water
before disassembling reflux apparatus.

Vacuum filter the hydrolysis solution through one of the previously ignited filtering
crucibles.

If an acid-soluble lignin determination (LAP-004) isto be run, record the weight of the
collected filtrate. Decant 15-25 mL of filtrate into a resealable container. If this
aliquot is not used immediately for further analysis, store in refrigerator at 4°C.

Note: Acid-soluble lignin should be analyzed within 24 hours, preferably
within 6 hours of hydrolysis.

Use hot deionized water to wash any particles clinging to the glass bottle into the
crucible and to wash the filtered residue free of acid using vacuum filtration.

Dry the crucible and contents at 105 + 3°C for 2 hours or until constant weight is
achieved (£0.3 mg upon reheating).
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3.64  Cool in desiccator and record the weight, Ws, the weight of the crucible, acid-insoluble
lignin, and acid-insoluble ash to the nearest 0.1 mg.

3.65  Place the crucible and contents in the muffle furnace and ignite at 575 + 25°C for a
minimum of 3 hours, or until all the carbon is eliminated. Heat at arate of 10°C/min
to avoid flaming. If the sample tends to flare up, the container should be partially
covered during this step. Avoid heating above the maximum stated temperature.
Protect the test container from strong drafts at al timesto avoid mechanical loss of the
test specimen.

3.66  Cool in desiccator and record the weight, Ws, the weight of the crucible and acid-
insoluble ash, to the nearest 0.1 mg.

13. Calculations

Note: The amount of acid-insoluble ash remaining in the crucible is not
equal to the total ash content of the sample. Refer to Laboratory Analytical
Procedure #005 if total ash isto be determined.

3.67  For lyophilized, air dried, or oven dried samples, or samples requiring no preparation,
calculate % acid-insoluble lignin on an as received 105°C dry weight basis as follows:

% acid - insolublelignin= — 2" Ws__ 10006= % X 100%
Wl X asreceived W1 X final %
T prep 100

Where:

W, = initial sample weight.

W, = weight of crucible, acid-insoluble lignin, and acid-insoluble ash.

W; = weight of crucible and acid-insoluble ash.

Tas received = % total solids content of the original sample (prior to any
preparation steps) on a 105°C dry weight basis, as determined by the
LAP-001.

Torep = % total solids content of the sample as determined during the
preparation of the sample for analysis (by lyophilization, oven-drying,
or air drying).

Tina = % total solids content of the prepared sample used in this lignin
analysis, on a105°C dry weight basis, as determined by the LAP-001.

Note: If the sample used in the acid-insoluble lignin analysis required no
preparation (analyzed as received), then T ye,=100% and Trina=Tas received- |f
a sample was prepared by drying at 105°C prior to analysis, then Tyey=Tas
received @Nd T1ina=100%.

3.68  For an extracted sample, it may be necessary to report the results on an extractives-free
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105°C dry weight basis or on an as received (whole sample) 105°C dry weight basis,
or both.

3.68.1 Calculate % acid-insoluble residue on an extractives-free basis as follows:

% acid - insolubl e resi dueusdracives. free = % x 100%
01l final

100%

1

Where:

W, = initial weight of extracted sample

W, = weight of crucible, acid-insoluble residue, acid-insoluble ash

W; = weight of crucible and acid-insoluble ash

%Trina = % total solids of the extracted sample determined at 105°C
as described by the Standard Method for the Determination of
Total Solidsin Biomass.

3.68.2 Caorrect the acid-insoluble residue value calcul ated above on an extractives-
free basis, to an as received (whole sample) 105°C dry weight basis:

(100% - % extractives)
100%

% acid -insoluble res dua/vhole mrrple: % Al Rextractives- free X

Where:
% AlRexraciivesfree = %0 acid-insoluble residue on an extractives-free
105°C dry weight basis, as determined in the previous step
% extractives = % extractives in the sample extracted as described in
the Standard Method for the Determination of Extractivesin
Biomass.

14. Report

3.69  Report the percent acid-insoluble lignin, to two decimal places, on a 105°C dry weight
basis, and cite the reporting basis.

3.70  For replicate analyses of the same sample, report the average, standard deviation, and

relative percent difference (RPD).

15. Precision and Bias
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3.71

3.72

16. Quality

3.73

3.74

3.75

3.76

3.77

3.78

3.79

3.80

3.81

3.82

3.83
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Data obtained by replicate testing of a hybrid poplar in one laboratory gave a standard
deviation in Klason lignin content of 0.32% and a CV % of 1.26%.

Data obtained by replicate testing of ahybrid poplar sasmple in six different |aboratories
gave astandard deviation of 2.37% and a CV % of 9.92%.
Control

Reported significant figures. The acid-insoluble lignin results will be reported with
two decimal places, on a 105°C dry weight basis.

Replicates. All samples and all method verification standards are to be analyzed in
duplicate, at minimum.

Blank: A blank crucibleisto be run through the analysis. The dish isto be weighed
empty, ashed and reweighed. The differencein weight must be less than the equivaent
of a0.5% error.

Relative percent difference criteria: The RPD must be lessthan 3.4%. If the RPD is
too large, the sample will be rerun.

Method verification standard: A method verification standard must be run in duplicate
with every batch.

Calibration verification standard: Not applicable.

Sample size: Approximately 0.6 grams of sampleisrequired for conducting duplicate
analyses by Procedure A. Two grams will be required for Procedure B. If thereis
insufficient sample, the result will be flagged and the lack of precision will be noted.
Sample storage: Wet samples, prior to preparation, must be stored in the refrigerator.
Samples that have been prepped by extraction, lyophilization, or oven drying must be
stored in tightly sealed containers or in a desiccator.

Sandard storage: Not applicable.

Sandard preparation: Not applicable.

Definition of a batch: Any number of samples which are anayzed together and
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recorded together. Sampleswithin a batch must be of the same matrix. The maximum
size of abatch would be limited by the equipment constraints. A batch cannot be larger
than what is practical with the equipment.

3.84  Control charts: The result of each replicate anaysis of the method verification
standard is recorded along with the average, RPD, and a laboratory book/page
reference. The average value obtained for each analysis of the method verification
standard isto be control charted.
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